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Description 

The present invention relates to a process for the preparation of a thiazepine possessing antidopaminergic 
activity. 

5 In particular the invention relates to a process for preparing 11-(4-P-(2-hydroxyethoxy)ethyI]-1-p!perazH 

nyl)dibenzo[b,f][1 f 4]thiazepine of formula I (set out hereinafter) and salts thereof. The above compound of for- 
mula I exhibits useful antidopaminergic activity and may be used, for example, as an antipsychotic agent or as 
a treatment for hyperactivity. It is a compound of particular interest since it may be used as an antipsychotic 
agent with a substantial reduction in the potential to cause side effects such as acute dystonia, acute dyskinesia, 
10 pseudo-Parkinsonism and tardive dyskinesia which side-effects may result from the use of other antipsychotics 
or neuroleptics. The compound of formula I is the subject of copending British Patent Application No. 8607684 
filed 27 March 1986 in which various processes for its preparation are described. 

The present invention is based, at least in part, on the discovery of a further and improved process for the 
preparation of the compound of formula I, which process obviates the need to prepare and purify the compound 
15 2-(2-hydroxyethoxy)ethyi-1-piperazine (HEEP). Moreover the process of the present invention obviates the 
need to use carboxyethyl piperazlne and thereby su bstantiaily reduces the cost of manufacturing the compound 
of formula I. Carboxyethyl piperazine was hitherto used in the conventional production of 2-(2-hyd- 
roxyethoxy)ethyI-1-piperazine (HEEP) which product was then reacted with 11-chloro-dibenzo[b,f][1 ^thiaze- 
pine to yield the compound of formula I. 

20 According to one feature of the present invention there is thus provided a process for preparing the com- 
pound of formula I or a salt thereof which comprises reacting a compound of formula II (set out hereinafter) 
with a compound of formula III (in which X is an atom or group removable as an anion) and, whereafter, when 
the compound of formula I is obtained as a base and a salt is required, reacting said compound of formula I 
obtained in the form of a base with an acid to afford a salt and when the compound of formula I is obtained as 

25 a salt and a base is required, treating said compound of formula I obtained in the form of a salt with a base, 
preferably a strong base to afford the said base. The strong base used is preferably an alkali metal or alkaline 
earth metal hydroxide, carbonate or bicarbonate. 

A compound of formula III is advantageously used in which X represents a mesyloxy or tosyloxy group, 
but X is preferably halogen. X most preferably represents a chlorine atom. 

30 The reaction is conveniently carried out in the presence of a solvent, preferably an aromatic hydrocarbon 
such as benzene, especially toluene. Such solvents are especially preferred since they assist the removal of 
impurities from the reaction mixture. Other preferred solvents include polar organic solvents, more preferably 
an alcohol, especially a C r C 6 alkanol eg. methanol, ethanol, propanol, butanol, pentanol, hexanol and isomers 
thereof especially isobutanol and more especially n-propanol. Other convenient solvents include aprotic sol- 

35 vents such as for example dimethylformamide, ethyiacetate, butyl acetate, methyl ethyl ketone, methyl isobutyl 
ketone or N-methyl pyrrolidone. Still further convenient solvents include di^-C^alky! ethers having a boiling 
point higher than 50°C such as tertiary butyl methyl ether and tertiary amyl methyl ether and cyclic alky! ethers 
such as tetrahydrofuran and dioxan. 

If desired an appropriate mixture of polar organic and aprotic solvents may be used. 

40 Where the compound of formula II is used in the form of a salt as described hereinafter it is advantageous 
to use dimethylformamide or preferably N-methyl pyrrolidone either alone or more preferably as co-solvent with 
any of the above-mentioned solvents. Where the compound of formula II is used in the form of the base it is 
convenient to use any one of the above-mentioned solvents alone, but is is preferable to additionally use 
dimethyrfonmamide, or especially N-methyl pyrrolidone as a co-solvent It is particularly preferred to use toluene 

45 as solvent with N-methyl pyrrolidone as co-solvent 

If desired the compound of formula II may be employed in the form of a salt, but where such a salt is used 
it is treated with a base, preferably a strong base for example as defined above to afford the corresponding 
free base prior to reaction with the compound of formula III. Thus for example the treatment may be effected 
in sfo- Such treatment is advantageously conducted in the presence of an alkali metal carbonate or an alkaline 

so earth metal carbonate, more preferably sodium or potassium carbonate. 

Additionally an alkali metal halide, advantageously in a catalytic amount, may optionally be added to the 
reaction mixture. Sodium iodide is a preferred alkali metal halide. The effect of this addition is to convert X in 
formula III to a halogen, preferably iodine whereby the reaction of the compound of formula II with the compound 
of formula III may be promoted. 

55 The reaction is conveniently performed at ambient temperature or at an elevated temperature, preferably 
at a temperature between ambient and the reflux temperature of the reaction mixture, more preferably at the 
reflux temperature and advantageously the reaction is earned out for an extended period of time, preferably 
15 to 30 hours, more preferably about 24 hours. 
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The salts of the compound of formula I prepared according to the process of the present invention are pref- 
erably the pharmaceutical^ acceptable salts, but other salts may also be prepared. Such other salts may, for 
example, find use in the preparation of the compound of formula I and the pharmaceutical^ acceptable salts 
thereof. Convenient salts may be selected from those pharmaceutical ly acceptable salts known in the art These 
may be obtained, for example, by reacting the compound of formula I with a convenient acid, such as for 
example, hydrochloric acid, maleic acid, fumaric acid, citric acid, phosphoric acid, methane sul phonic acid, and 
sulphuric acid. A preferred salt is the hemi-fumarate salt 

The compound of formula II is preferably prepared by the reaction of an 1 1 -substituted-dibenzo[b,f][1 ,4]thia- 
zepine of the formula IV (as set out hereinafter in which the substituent Y represents an atom or a group remov- 
able as an anion), with piperazine. A compound of formula IV may for example be used in which Y represents 
an alkoxy, alkylthio or sulphononyloxy group. Thus Y may for example represent alkoxy, preferably 
methoxy or ethoxy, or alkylthio preferably methylthio or ethylthio or Y may represent a mesyloxy or tosyloxy 
group. Preferably Y represents a halogen atom, for example, bromine but especially chlorine. The reaction is 
conveniently performed at ambient temperature or at an elevated temperature, preferably at a temperature bet- 
ween ambient and the reflux temperature of the reaction mixture, more preferably at the reflux temperature and 
advantageously the reaction Is carried out in the presence of an inert organic solvent, preferably an aromatic 
hydrocarbon solvent, such as for example xylene or toluene. The reaction is conveniently performed for 2 to 
15 hours, preferably 3 to 10 hours, more preferably about 5 hours. 

The compounds of formula IV may, for example, be prepared by methods analogous to those known per 
se in the art or where Y represents halogen preferably by reacting dibenzo[b,f][1,4]thiazepine-11(10-H)one of 
formula V (set out hereinafter) with a haiogenating agent, preferably a phosphorous pentahalide or oxyhalide 
(POHala). The above halide is selected for example from chlorine or bromine, especially chlorine. Where it is 
desired to prepare a compound of formula IV in which Y represents a chlorine atom, a preferred haiogenating 
agent is phosphorous oxychloride (POQ3). Where it is desired to prepare a compound of formula IV in which 
Y represents a bromine atom, a preferred haiogenating agent is phosphorous pentabromide. The reaction may 
advantageously be carried out in the presence of an N,N-disubstituted aniline, preferably an N.N-dKCi-salkyl) 
substituted aniline, more preferably N,N-dimethyIaniline. The reaction is advantageously effected at an ele- 
vated temperature, preferably at the reflux temperature of the reaction mixture, conveniently for between 3 to 
15 hours, preferably 4 to 10 hours, more preferably 6 hours. 

The compound of formula V may, for example, be prepared according to methods known perse in the art 
eg. by the method disclosed by J.Schmutze et al. Helv Chim Acta ;.48. 336 (1965). Preferably the compound 
of formula V is prepared by cyclising a compound selected from compounds of the formulae VI, VII, and VIII 
(set out hereinafter and wherein OR and OR' represent an atom or group removable as an anion) whereby to 
form a compound of formula V. The cyciisation is advantageously effected under acidic conditions, preferably 
in the presence of an acid of sulphur or phosphorous, for example concentrated sulphuric acid or more pref- 
erably polyphosphoric acid. The reaction is advantageously carried out at an elevated temperature, preferably 
at a temperature of from 60 to 120°C, especially from 95 to 105°C, advantageously for about 4-8 hours, pref- 
erably about 6 hours. 

In the compounds of formulae VII and VIII R and R 1 may for example represent hydrogen, alky! or 
optionally substituted phenyl. Preferably R represents methyl or ethyl and R 1 preferably represents methyl or 
ethyl, but most preferably phenyl. 

The compound of formula VIII may, for example, be obtained by the reaction of 2-amino diphenyisulphide 
and phenyl chloroformate. 

The invention is further illustrated by the following Examples in which temperatures are expressed in deg- 
rees Celsius : 

EXAMPLE 1 

(a) 1 1 -[4-[2-(2-hydroxyethoxy)ethyl]-1 -piperazinyi]dibenzo[b,f][1 ,4]thiazepine. 

11-Piperazinyldibenzo[b,t][1,4]thiazepine dihydrochloride (25 mmole), sodium carbonate (150 mmole), 
sodium iodide (1 mmole) and 2-chloroethoxyethanoI (27 mmoles) were combined together in n-propanol (60 
ml) and N-methyl pyrrolidone (15 ml). The reaction was heated at reflux for 24 hr. Ethyl acetate (75 ml) was 
added and the reaction washed with water (2 x 250 ml). The organic phase was dried over magnesium sulphate 
and the solvent removed in vacuo to give an oil. The oO was dissolved in ethanol and treated with fumaric acid 
(14 mmole). The product was isolated as the hemi-fumarate salt in 78% yield, m.pt 172-173°. The thiazepine 
derivative used as a starting material was prepared as shown below. 
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(b) 1 1-Piperazinyt-dibenzorb.f][1 ,4]thiazepine. 

Piperazine (1.7 mole) was dissolved in warm toluene (about 50°C) (750 mi) and 11-chloro-diben- 
zoRtfffl ,4]thiazepine added. The reaction was heated to reflux and maintained at this temperature for 5 hr. After 
5 cooling to ambient temperature the reaction was filtered to remove piperazine hydrochloride, the organic phase 
was washed several times with water to remove excess piperazine. The organic phase was dried over mag- 
nesium sulphate and after filtration the solvent was removed in vacuo to give the product as an oil. The oil was 
dissolved in ethanol and treated with a solution of hydrogen chloride in ethanol. 

1 1-Piperazinyl-dibenzo[b,f][1 ,4]thiazepine was isolated as the dihydrochloride sait in «a 88% yield, rn.pt 
10 103-105° (softens), 135-140°C (decomp). 

(c) 1 1-Chloro-dibenzo[b,fl[1 t 4]thiazepine 

A 2 litre round-bottom flask equipped with a magnetic stirring bar and reflux condenser with a nitrogen inlet 
15 was charged with 115.0g (0.506 mole) of dibenzo[b,f][1,4]thiazepine-11(10-H)one, phosphorous oxychloride 
700 ml (7.5 moles) and N f N-dimethylaniline 38.0 g (0.313 mole). The grey suspension was heated to gentle 
refluxing using a heating mantle. After 6 hours of heating, the resulting amber solution was allowed to cool to 
room temperature (from about 18°-25°C) and was analyzed by thin-layer chromatography (TLC) using silica 
gel plates, developed with ether-hexane (1 : 1) and detected with ultraviolet light Analysis revealed the desired 
20 imino chloride, Rf = 0.70, and an absence of starting lactam. 

Excess phosphorous oxychloride, was removed in vacuo using a rotary evaporator. The brown syrupy resi- 
due was dissolved in 1500 miliilitres (ml) of toluene, treated with 500 ml of an ice-water mixture and stirred for 
30 minutes. The toluene layer was separated, washed twice with 200 ml of water and dried with anhydrous 
magnesium sulfate. After removal of the drying agent by filtration, the filtrate was concentrated in vacuo using 
25 a rotary evaporator to give the crude imino chloride as a light yellow soiid : 115.15 g (92.6% yield) ; melting 
point (mp) 106-108°. 

(d) Dibenzo[b,f][1,4Ithiazepine-1 1(10H)one. 

30 Polyphosphoric acid (1 .2 mole) was heated to 65°C and phenyl 2-(phenylthio)phenylcarbamate (0.16 mole) 
added with stirring. The reaction was heated to 1 00°C ± 5°C and maintained at this temperature for 6 hr. The 
reaction was cooled to ca 80°C and water (1 .51) added slowly. After cooling to ambient temperature the product 
was filtered off as an off-white solid, washed sparingly with acetone and dried. The yield was about 87%. 

35 (e) Phenyl 2-(phenylthio)phenylcarbamate. 

2-Amino diphenylsulphide (0.4 mole) was dissolved in toluene (500 ml) and cooled to 5°C. Phenyl chlorofor- 
mate (0.24 mole) in toluene (50 ml) was added slowly to the stirred solution over 1 hr. When addition was com- 
plete a simultaneous addition of phenyl chioroformate (0.24 mole) in toluene (50 ml) and an aqueous solution 
40 of sodium hydroxide (0.3 mole) and sodium carbonate (0.35 mole) (200 ml) was started. 

After completing the addition, the reaction was stirred for 1 hr. The aqueous phase was discarded and the 
organic phase washed with dilute hydrochloric acid. The organic phase was dried over magnesium sulphate. 
After filtration the toluene was removed in vacuo. Recrystalltsation of the residue from hexane afforded the 
urethane in ca 90% yield. 

45 

Example 2 

(a) 1 H4-[2-(2-hydroxyethoxy)ethyi]-1-piperazinyl]dibenzo[b,f][1 ,4]thiazepine. 

so 1 1-Piperazinyldibenzo[b,fl[1 f 4]thiazepine (0.1 mole), sodium carbonate (0.18 mole), sodium iodide (0.016 
mole) and 2-chloroethoxyethanol (0.108 mole) were combined together in toluene (250 ml) and N-methylpyr- 
rolidone (55 ml). The reaction was heated at reflux over 24 hours. The reaction was cooled and washed with 
water (1 x 175 ml., 2 x 60 ml.). The organic phase was dried by azeotropic distillation. A solution of fumaric 
acid (0.06 mole) in ethanol (1 1 0 ml) was added to the toluene solution at 60-70°C. On cooling the hemifumarate 

55 saJt crystallised out and was isolated by filtration in 75% yield, m.pt 172-173°C. 
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1 1-Piperazinyidibenzofb t f]f1 ,4]thiazeplne 

1 1-Piperaziny!diben20[b,f|[1 f 4]thiazepine was prepared as described in Example 1 except that the product 
of step (b) was not isolated in the form of the dihydrochloride salt, but was used directly in step (a) in the form 
5 of the oil. 

TORKULAE 

10 




40 



OH 
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FORMULAE 





Claims 

1. A process for preparing a compound of formula I or a salt thereof 
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10 

which comprises reacting a compound of formula II 

o 

ceo 

with a compound of formula III 

X-CHz-CHrO-CHrCHiOH Hi 

25 

(in which X is an atom or group removable as an anion) and, whereafter, when the compound of formula I is 
obtained as a base and a salt is required, reacting said compound of formula I obtained in the form of a base 
with an acid to afford a salt and when the compound of formula I is obtained as a salt and a base is required, 
treating said compound of formula I obtained in the form of a salt with a base. 
30 2. A process as claimed in claim 1 wherein a compound of formula III Is used in which X represents a halo- 
gen atom or a mesyloxy or tosyloxy group. 

3. A process as claimed in claim 2 wherein a compound of formula III is used in which X represents a 
chlorine atom. 

4. A process as claimed in any one of the preceding claims wherein the reaction is effected at a temperature 
35 of from ambient temperature to the reflux temperature of the reaction mixture. 

5. A process as claimed in claim 4 wherein the reaction is effected at the reflux temperature of the reaction 
mixture. 

6. A process as claimed in any one of the preceding claims wherein the reaction is effected in the presence 
of an aromatic hydrocarbon, polar organic or aprotic solvent 

40 7. A process as claimed in claim 6 wherein the reaction is effected in the presence of a di(C t _6 alkyl) 

having a boiling point higher than 50°C, a C^alkanol ordimethylformamide, butyl acetate, methyl ethyl ketone, 

methyl Isobutyl ketone, N-methyl pyrrolidone, tetrahydrofuran ordioxan. 

8. A process as claimed in claim 6 or claim 7 wherein the reaction is effected in the presence of benzene, 

toluene, n-propanol, isobutanol, tertiary butyl methyl ether tertiary amyl methyl ether or ethyl acetate. 
45 9. A process as claimed in any one of the preceding claims wherein the reaction is effected in the presence 

of toluene and N-methyl pyrrolidone. 

1 0. A process as claimed in any one of the preceding claims wherein the reaction is effected in the additional 
presence of an alkali metal halide. 

1 1. A process as claimed in claim 10 wherein the reaction is effected in the presence of sodium iodide. 

50 

Patentanspruche 

1 . Verfahren zur Herstellung einer Verbindung der Fonmel I oder eines Satzes davon, 
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X 



bei welchem eine Verbindung der Formel II 




mit einer Verbindung der Formel ill 

X-CH 2 -CH r O-CH r CH 2 OH III 

worin X fur ein als Anion entfembares Atom oder eine als Anion entfembare Gruppe stent, umgesetzt wird und 
hierauf, wenn die Verbindung der Formel I als Base erhalten und ein Salz gewunscht wird, die In Form einer 
Base erhaltene Verbindung der Formel I zur Bfldung eines Saizes mit einer Saure umgesetzt wind oder, wenn 
die Verbindung der Formel I als Salz erhalten und eine Base gewunscht wird, die in Form eines Saizes erhaltene 
Verbindung der Formel I mit einer Base behandelt wird. 

2. Verfahren nach Anspruch 1, bei welchem eine Verbindung der Formel III verwendet wird, worin X fur 
ein Haiogenatom oder eine Mesyloxy- oder Tosyloxygruppe steht. 

3. Verfahren nach Anspruch 2, bei welchem eine Verbindung der Formel III verwendet wird, worin X fur 
ein Chloratom steht 

4. Verfahren nach einem der vorhergehenden Anspruche, bei welchem die Reaktion bei einer Temperatur 
zwischen Raumtemperatur und der RuckfluBtemperatur des Reaktionsgemischs ausgefuhrt wird. 

5. Verfahren nach Anspruch 4, bei welchem die Reaktion bei der RGckflufctemperatur des Reaktionsge- 
mischs ausgefuhrt wird. 

6. Verfahren nach einem der vorhergehenden Anspruche, bei welchem die Reaktion in Gegenwart eines 
aromatischen Kohlenwasserstoffe oder eines polaren organischen oder aprotischen Losungsmittels ausgefuhrt 
wird. 

7. Verfahren nach Anspruch 6, bei welchem die Reaktion in Gegenwart eines DKC^alkyOethers mit einem 
Siedepunkt von mehr als 50°C, eines C^kanols oder von Dimethylformamid Butylacetat,Methyl-ethyl-keton t 
Methyi-isobutyi-keton, N-Methyl-pyrrolidon, Tetrahydrofuran oder Dioxan ausgefuhrt wird. 

8. Verfahren nach Anspruch 6 oder 7, bei welchem die Reaktion in Gegenwart von Benzol, Toluol, n-Pro- 
panol, Isobutanol, t-Butyl-methyl-ether, t-Amyi-methyl-ether oder Ethylacetat ausgefuhrt wird. 

9. Verfahren nach einem der vorhergehenden Anspruche, bei welchem die Reaktion in Gegenwart von 
Toluol und N-Methyl-pyrrolidon ausgefuhrt wird. 

10. Verfahren nach einem der vorhergehenden Anspruche, bei welchem die Reaktion in zusatzfitcher 
Gegenwart eines Alkalimetailhalogenids ausgefuhrt wird. 

11. Verfahren nach Anspruch 10, bei welchem die Reaktion in Gegenwart von Natriumjodld ausgefuhrt 
wird. 



Revindications 

1. ProcSdS de preparation (Tun compose de formule I ou d'un sel de ce compose 
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I 



10 

qui consiste a faire reagir un compose de formule II 



H 



15 




avec un compose de fonmule 111 

X-CHj-CHrO-CHz-CHaOH III 

25 

(dans laquelle X est un atome ou un groups eliminable sous forme d'un anion) puis, lorsque le compose de 
formule I est obtenu sous la forme d'une base et que i'on desire un sel, a faire reagir ledit composd de formule 
I obtenu sous la forme d'une base avec un acide pour obtenir un sel et lorsque ie compose de formule I est 
obtenu sous la forme d'un sel et que Ton desire une base, a trailer avec une base ledit compose de formule l 
30 obtenu sous la forme d'un sel. 

2. Procede suivant la revendication 1, dans lequel on utilise un compose de formule III dans laquelle X 
represente un atome d'halogene ou un groupe mesyloxy ou tosyloxy. 

3. Procede suivant la revendication 2, dans lequel on utilise un compose de formule III dans laquelle X 
represente un atome de chlore. 

35 4. ProcedS suivant Tune queiconque des revendications precedentes, dans lequel la reaction est conduite 
a une temperature allant de la temperature ambiante a la temperature de reflux du mSIange reactionnel. 

5. Procede suivant la revendication 4, dans lequel la reaction est conduite a la temperature de reflux du 
melange reactionnel. 

6. Procede suivant I'une queiconque des revendications precedentes, dans lequel la reaction est conduite 
40 en presence d'un hydrocarbure aromatique, d'un solvant polaire organique ou aprottque. 

7. Procede suivant la revendication 6, dans lequel la reaction est conduite en presence d'un 6ther de di- 
(alkyle en Cj a Ce) ayant un point d'ebuliition superieur a 50°C f d'un alcanol en a C 6 ou de dimethylforma- 
mide, d'acetate de butyle, de methylethylcetone, de methylisobutylcetone, de N-m^thylpyrrolidone, de 
tetrahydrofuranne ou de dioxanne. 

45 8. Procede suivant la revendication 6 ou la revendication 7, dans lequel ta reaction est conduite en pre- 
sence de benzene, de toluene, de n-propanol, d'tsobutanol, d'ether de tertio-butyie et de methyle, d'ether de 
tertio-amyie et de methyle ou d'acelate d'ethyie. 

9. Procede suivant Tune queiconque des revendications precedentes, dans lequel la reaction est conduite 
en presence de toluene et de Nnnethylpyrrolidone. 
so 10. Proced6 suivant i'une queiconque des revendications precedentes, dans lequel la reaction est conduite 

en la presence additionnelle d'un halogenure de metal alcalin. 

11. Procede suivant la revendication 10, dans lequel la reaction est conduite en presence d'iodure de 
sodium. 
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